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Abstract 
In this study four types fruit powder were mixed together in a 1:1 ratio and tableting was carried out by direct compaction 
method. Two types tablet were produced, normal mix fruit powder tablet and fruit powder effervescent tablet. Compressibility of 
the powder mixtures were observed by using Kawakita and Lüdde equation. Normal fruit powder mixture was more compressible 
rather than fruit powder mixture with effervescent agent. Dissolution test was carried out in the dissolution medium of distilled 
water and simulated saliva fluid at room temperature and 37.5 oC temperature, respectively. Fruit powder effervescent tablet was 
dissolved faster in simulated saliva.  
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1. Introduction 
    Huge amounts of fruits are produced in the tropical and subtropical part of the world. The production and 
consumption of these fruits are increasing rapidly due to their natural flavour, attractive colour, high nutritional 
value and taste (Wu et al., 2006; Zea et al., 2013; Yusof  et al., 2012). Most of the fruits contain high amounts of 
water and sugar which make them very susceptible to spoilage. 
To prevent spoilage and for long term storage, fruit processors adopt different types of preservation techniques. 
Drying of fruit to a safe level of moisture content is a well practiced method all over the world; which helps to 
reduce the moisture content to safe level. There are number of drying techniques available to dry fruits; but spray 
drying of fruits into powder is the most popular and widely practiced technique in the food industry (Fernandes et  
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al., 2011; Phisut, 2012).  
    Normally the fruit powder is very dry, hygroscopic in nature and bulky in volume. So during storage, 
transportation and handling it requires special care and heavy packaging; which increases cost. To overcome these 
problems compaction of fruit powder into tablet forms is an unique technique (Zea et al., 2013). This helps to reduce 
the volume as well as the surface area, which also reduces hygroscopicity of the powder. Compaction of powder into 
tablets is normally practiced in the pharmaceutical industry to produce solid oral dosages. But the application of the 
same type of technique in the food industry is still scarce or is in the early stages of development.   Literature review 
shows very little research in this area. Tablet formation from pitaya, mango, guava fruit powders were reported by 
Yusof et al. (2012), Ong et al.(2014), and Zea et al. (2013). Adiba et al. (2011) had also investigated about food 
tablets containing different fruit powders (dates, spirulina and orange). Many different fruit candy and food 
supplements are available in the market, which are very popular to all age groups of people. Fruit powder tablets are 
portable and cheap and it will be popular to people of all levels.  
    Naturally fruit powders are composite materials and contain high amounts of sugar. During drying to avoid 
unnecessary change in the product certain amounts of carrier agents are used to prevent stickiness and keep the 
production process smooth. Dissolution profile and time are key factors for fruit powder tablets to be widely 
acceptable by people. However, tableting reduces the hygroscopicity of the powder and the carrier agent also 
adversely affects the dissolution or disintegration rate. Hence, to overcome this problem sometimes effervescent 
agents or super disintegrants are used to enhance dissolution characteristics (Zea et al., 2013).   
    The present study was designed to investigate the compressibility and tableting of mix fruit powders and mix fruit 
powder containing effervescent agent; and determine the dissolution profile of the mix fruit and effervescent mix 
fruit powder tablets in water and simulated saliva fluid.  
Nomenclature 
P                   Pressure 
V                   Final Volume 
V0                   Initial Volume 
SEM             Scanning Electron Microscope 
FPM              Fruit Powder Mixture 
CI                  Carr Index 
HR                 Hausner Ratio 
2. Materials and methods 
2.1. Materials 
    Four types of spray dried fruit powder (pineapple, pitaya, guava and mango) containing 10% maltodextrin, 
effervescent agent citric acid and calcium carbonate, and artificial natural sweetener stevia were used in this study.   
 
2.2. Mixing of powders 
 
For all normal mix fruit tablets the fruit powders were measured in a 1:1 ratio and mixed properly in a mixture 
machine for 30 min. For effervescent mixed fruit powder tablet a standard amount of effervescent agent (Sodium 
carbonate 32.7% and Citric Acid 10%) and 10% stevia were added with the mixed fruit powders and mixed 
thoroughly by using mixture machine (Glas-Col, S/N 477625, USA) at 15 rpm. Then the mixed samples were 
measured to 2.5 gm weights and placed into plastic containers for further use during tablet preparation. 
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2.3. Bulk density  
    Bulk density of both types powder mixture was determined manually by pouring powder into a10 ml graduated 
measuring glass cylinder; amount of powder mixture was 2.5 gm. The cylinder was shaken and taped gently 5-6 
times to level the upper surface of powder in the cylinder. Finally bulk density was calculated from the ratio of 
mass of powder to volume occupied by the powder (Goula et al., 2004).  
2.4. Tapped density 
    The tapped density of the samples was measured by putting 2.5 gm of powder mixture in a 10ml graduated 
measuring glass cylinder and the tapped volume was measured after the sample was gently dropped 100 times onto a 
rubber mat from a height of 15 cm (Ozdikicierler et al., 2014). Then the tapped density was calculated by dividing 
the weight of powder by the tapped volume.     
2.5. Hausner ratio and carr index 
    Flow property of samples was evaluated by using Carr Index (Carr, 1965) and Hausner Ratio (Hausner, 1967). 
Carr Index and Hausner Ratio were calculated from bulk density and tapped density.  
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Different ranges for Carr Index and  Hausner Ratio was defined by Lebrun et al.( 2012).   
 
              Table 1. Ranges for compressibility index and Hausner ratio. 
Flowability Carr Index (CI), % Hausner Ratio (HR) 
Excellent 0-10 1.00-1.11 
Good 11-15 1.12-1.18 
Fair 16-20 1.19-1.25 
Passable 21-25 1.26-1.34 
Poor 26-31 1.35-1.45 
Very poor 32-37 1.46-1.59 
Very, very poor >38 >1.60 
2.6. Particle shape and particle distribution in mixture 
    Particle shape and distribution in mixture for the both normal fruit powder mixture and effervescent fruit powder 
mixture were analysed by using Hitachi S-3400N Scanning Electron Microscope (SEM, Hitachi High Technologies 
America Inc.,IL). The sample powder mixtures were put on double adhesive tape that stick on gold aluminium pins. 
Then the pins were put in SEM machine and the particle shape and particle distribution were visualized through 
computer monitor.  
2.7. Tableting and compressibility test 
    Tableting of the mixed fruit powder tablets and effervescent mixed fruit powder tablets was carried out according 
to the direct compaction method (Yusof et al., 2012). A 2.5 gm sample was poured into cylindrical uniaxial die of 21 
mm. A universal testing machine (Instron Universal Testing Machine-5566, Canton MA, UK) was used to compress 
the powder mix into tablets. The machine was operated through the Bluehill software (Canton MA USA) which 
helps to maintain the compaction speed of 0.1 mm/min at four different force settings of 9.8 kN, 8 kN, 6 kN and 4 
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kN. After formation the tablets were ejected from die and keep in air tight containers for further study. The thickness 
of the tablets was measured to calculate the final volume and density of the powder mixed in tablet form.  
    The compressibility of both types of powder mixtures was determined using Kawakita and Lüdde (Kawakita and 
Lüdde, 1971) model equation. The mathematical formula of this equation was as follow: 
 
           
aba
P
C
P 1                                                                                                                                           (3)         
 
Where, a and b are constants, C is the degree of volume reduction under applied pressure P. C is calculated from the 
initial volume of the powder and final volume in tablet form. 
0
0
V
VVC                                                                                                                                                (4)  
                              
 Here, V0 is the initial volume and V is the final volume.  
2.8.  Dissolution test  
    To measure the dissolution time and observe the dissolution profile, dissolution tests were carried out in a 
dissolution tester (Pharma Test D-63512, Germany) at 100 rpm paddle speed. Two types of dissolution medium 
were used during the test: distilled water and simulated saliva fluid. Simulated saliva fluid was prepared according 
to Mareci et al., 2010. Distilled water was used as dissolution medium at room temperature whereas the simulated 
saliva fluid was used at 37.5 0C temperature to simulate the oral environment inside the dissolution chamber.   
    At the initial stage of the dissolution test, the dissolution chamber was filled with 500 ml dissolution medium and 
checked for temperature of the dissolution medium. Then 5 tablets were placed into the chamber and the machine 
paddle and stopwatch were switched on. A 25 ml sample was collected from the chamber after 1 minute and 20 
minutes intervals for the effervescent fruit mixed tablet and the normal fruit mixed tablet, respectively. The samples 
were kept in 50 ml centrifugal tubes for further analysis, while the chamber was filled with fresh dissolution 
medium. A Ultra Violet spectrophotometer (HACH DR 2800, United State) was used to analyse the amount of 
solutes in the samples collected from the dissolution chamber. Absorbance of light by the sample solutions was 
measured at 560 nm wave length. The percent dissolution/solute release was calculated using the following 
equation:  
Percent dissolution/ percent solute release at any time 1000 u 
f
t
A
AA
                           (5) 
Where, A0 =Absorbance of control sample (fresh medium), At =Absorbance of sample any time, Af  = Absorbance of 
sample when complete dissolution occurs. 
3. Results and discussion 
3.1. Particle morphology and flowability 
 
    Particle size and shape has great influence on powder flowability (Fitzpatrick, 2007). Figs. 1(a) and 1(b) show the 
particle shape and particle distribution in mixture. SEM image shows that shape of the particle in fruit powder 
mixture (FPM) without effervescent agent was more or less same and regular rather than FPM with effervescent 
agent. Regular particle shape can causes large void space between particles; thus, powder can flow easily. In case of 
FPM with effervescent agent SEM image shows huge variation in particle shape as well as size. Irregular particle 
shapes increase the contact surface area; which result in less flow able. The powder appear less flow able when 
contain particles with small in size because then the surface per unit mass increase (Fitzpatrick et al., 2004).  
Irregular particle shape and variation in particle size increase the interlocking of the particles during compaction as 
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well as the density of the tablet and exhibit greater mechanical strength.   
 
 
Fig. 1. (a) SEM image of Fruit powder mixture (FPM) without effervescent; (b) SEM image of Fruit powder mixture (FPM) with 
effervescent (Magnification 1000X). 
 
    Table 2 represents the flowability of powder in terms of Carr index and the Hausner ratio. Flow ability of powders 
is very important parameters in tableting process. Particle shape and size both have significant influence on powder 
flowability (Liu et al., 2008).  Carr index for the fruit powder mixture without and with effervescent agent was 
21.49% and 23.15% respectively. Hausner Ratio of effervescent containing and without containing powder mixture 
was 1.30 and 1.27 respectively; which indicated that both powder was passable flowing (from Table 1).  
 
          Table 2. Flowability of the powder mixture. 
Samples Carr Index (CI) Hausner Ration (HR) 
Fruit powder mixture without effervescent  21.49% 1.27 
Fruit powder mixture with effervescent 23.15% 1.30 
 
    Though Carr index and Hausner Ratio value for both powder within the range of passable flow but due to particle 
shape variation between fruit powder mixture without and with effervescent agent, fruit powder mixture without 
effervescent agent was more flow able rather than the mixture containing effervescent agent. 
 
3.2. Compressibility and volume 
 
    The Kawakita and Lüdde model (Eqs. 3 and 4) was used to describe the compressibility behavior of both types of 
mixed powders. The constants a and b were determined by plotting data in a P/C versus P graph and linear fitting of 
the equation (Table 3). The constant a represents the initial packing, compressibility and porosity, while the constant 
b represents the resistance to compaction of the material. The constant a value was high in the case of the normal 
fruit powder mixed tablet compared to the effervescent tablet (Table 3). This indicated that the fruit powder mixed 
tablet without effervescent agent possessed higher initial porosity and was bulky in nature compared to the powder 
containing effervescent agent and more compress able as well. Mixed fruit tablet is more compressible than mixed-
fruit tablets containing disintegrants (Ong et al., 2014). Smaller particles of effervescent agent fill up void spaces 
between particles which reduces the porosity of powder mix and increase the packing (Podczeck and Sharma, 
1996).Thus the value of constant a is higher in case of FPM without effervescent agent than FPM with effervescent 
agent.   
          
           Table 3. Kawakita and Ludde equation constants for the two types of fruit tablets. 
Sample a b R2 
Fruit powder mixture without effervescent 0.459 0.108 0.998 
Fruit powder mixture with  effervescent 0.445 0.268 0.997 
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    The value of b represents the resistance force of the powder particle against compressive load (Pitt and Sinka, 
2007). The value of b from Table 3 represents that FPM without effervescent agent was produced less resistance 
force during tableting.   
 
 
Fig. 2. Pressure versus density of the two types of tablets. 
 
    Fig. 2 shows that at every pressure point density of FPM without effervescent agent significantly less than the 
FPM contains effervescent agent. Since the inter particle void space in the mixture without effervescent agent was 
high, which results increase in volume and reduce in density.  
 
3.3. Dissolution profile  
 
Figs. 3(a) and 3(b) represent the dissolution profiles of normal and effervescent mixed fruit powder tablets, 
respectively. They were obtained by plotting percent dissolved against time. The normal mixed tablets showed 
different dissolution rates versus time when it was dissolved in the two different dissolution mediums. The simulated 
saliva resulted in a faster dissolution rate as it required less total dissolution time compared to dissolution in water. 
Dissolution in simulated saliva fluid required 100 min whereas dissolution in the distilled water took 120 min. The 
dissolution profiles showed that during the first 20 min in both dissolution media more than 40 percent dissolution 
had occurred. This rate decreases with time steps, as with increasing time the dissolution media becomes more 
saturated which reduces mass transfer from solid tablet to liquid medium.  
 
 
Fig. 3. (a) Dissolution profiles of mixed fruit powder tablets; (b) Dissolution profiles of mixed fruit powder effervescent tablets. 
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     In the case of the effervescent tablets, they absorbed water when placed into the dissolution medium, swelled 
somewhat and started a one directional reaction of the effervescent agent. As by-product of this reaction CO2 
bubbles were produced inside the dissolution chamber which enhanced the dissolution rate and reduced the total 
dissolution time. Outer layer of the tablet become rupture by the action of effervescent agent and CO2 production 
(Krögel and Bodmeier, 1999). 
    From the dissolution profiles it was clear that the tablets were more rapidly dissolved in simulated saliva within 
only 7 minutes, whereas the dissolution in distilled water took 9 minutes for complete dissolution. The dissolution 
profiles showed that, in both dissolution media, the dissolution rate was maximum in second minute. After putting 
tablet in to dissolution medium initially it takes some time to penetrate dissolution medium into the tablet and start 
reaction in first minute, which resultant maximum dissolution rate was observed in second minute.  
    From Fig. 3 (a) and (b), it is clear that both types tablet required less total dissolution time in simulated saliva 
rather than water, used as dissolution medium. In simulated saliva medium, the dissolution test was carried out at 
37.5 oC temperature; which was higher than the temperature of water. The dissolution rate was positively influenced 
by temperature of the dissolution medium. There is a proportional relationship between temperature and reaction 
rate and dissolving power of dissolution medium as well; dissolution rate and dissolving power of dissolution 
medium increase with increasing temperature. Saturation point also increased with increasing temperature of the 
medium.  
 
4. Conclusions 
 
    Fruit powder mixture containing effervescent agent shows less flowability than fruit powder mixture without 
effervescent agent.  It is less porous and compressible than normal fruit powder mixture. However, fruit powder 
mixture containing effervescent agent is less bulky. So, it requires less space for storage and transportation. In tablet 
form effervescent tablet is more compacted and tablet thickness was less than normal mixed fruit powder tablet.   
Dissolution rate of the normal mixed fruit powder is very slow compare to effervescent table. The slow dissolution 
rate of the normal mixed fruit powder can be improved by using the effervescent agent in the mixture. In both 
media, the effervescent tablets dissolved faster than normal tablets. Both types tablet is more soluble in simulated 
saliva at 37.5 oC temperature.   
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